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Shin Watanabe* : The genus Chlorella (Chlorococcales) 
from Japanese soils (1) 

'$£52 is* : 0 - i/^@) (1) 


Introduction 

As has been reviewed by Fott and Novakova, isolations and cultures of 
species of the genus Chlorella are generally so easy that they are one of 
the most convenient materials for physiological investigations. Thus it 
happened that numerous taxa have been described randomly by not only 
taxonomists but also workers who occupy themselves mainly with bac¬ 
teriology or plant physiology. In the taxonomy of Chlorella at the specific 
rank there has been an attempt to classify the organisms according to si¬ 
milarities or differences in the physiological characters rather than those 
in the morphological ones. This proceeded from the presumption that the 
specific separation cannot be based on the morphology only, because the 
morphological differences were recognized as too delicate to classify taxa. 
Recently an excellent monograph of Chlorella based on morphological and 
structural characters has been made by Fott and Novakova (1969). Ac¬ 
cording to their opinion, biochemical and physiological investigations of 
Chlorella indicate that, in the majority of cases, one quality does not char¬ 
acterize a morphologically-defined species but may occur in a number of 
species : On the other hand, various morphologically-defined species can 
include infraspecific units (varieties, forms) exhibiting the same physiological 
and biochemical properties. 

Very little is studied, although many physiological works exist, con¬ 
cerning the taxonomy of the genus Chlorella in Japan. Since 1972, I have 
been engaged in the study of this algal group from the view-point of tax¬ 
onomy. In total, 34 specimens have been isolated from soils of different 
localities in Japan. Identification of the isolates were mainly made in the 
light of the monograph by Fott and Novakova (1969), and as a result, it 
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became clear that 22 isolates coincided with 9 taxa recorded by Fott and 
Novakova, 7 isolates coincided with Pseudochlorella subsphaerica Reisigl 
(1964) and 5 isolates were identified to be hitherto non-described species. 
In the present paper, which constitutes the first of a short series, are de¬ 
scribed and illustrated 12 taxa of Chlorella in Japan. 

I wish to express my sincere gratitude to Assoc. Prof. Isamu Umezaki, 
Kyoto University, and to Prof. Masaru Akiyama, Shimane University, for 
their invaluable guidance in achievement of the manuscript. Thanks are 
also due to Prof. Harold C. Bold, University of Texas, and Prof. Mitsuo 
Chihara, Tsukuba University, for their ciriticism of the manuscript, and to 
Assoc. Prof. Kazumasa Yokoyama, Shiga University, for his helpful advices 
in preparation of the Latin description. 

Materials and methods 

Soil samples were collected from the following localities in Japan: 
Symbols of the localities 

HKN: Near the factory of lime at Hikone in Shiga Prefecture. 

IWA: The secondary forest of Pinus densifiora in the northern part of 
Kyoto City. 

KIY: The primary forest dominantly occupied by Castanopsis cuspidata in 

the eastern part of Kyoto City. 

KKY: The Yodo Racecourse in the southern part of Kyoto Prefecture. 
KUC: The campus of Kyoto University, Kyoto City. 

OOD: The primary forest dominantly occupied by Pseudotsuga japonica in 
the southern part of Nara Prefecture. 

SAI: Plowed fields in Saitama Prefecture. Soils are characterized by the 

Kanto Loam. 

SAK: The Taisho Lava in Mt. Sakurajima, an active volcano in Kagoshi¬ 
ma Prefecture. Soils contain the volcanic ash. 

TOT: The coastal sand dune in Tottori Prefecture. Soils of the bare dune 
and of the place far away from the sea shore in the garden of the 
Sand Dune Research Institute of Tottori University, where Pinus 
thunbergii is planted. 

YAW: The bank of the Yodo River in Yawata Street, Kyoto Prefecture, 
dominantly occupied by Solidago altissima. Wet sandy soil. 
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Soils in YAW, TOT, KIY and IWA were collected several times in 
different seasons, but those in other localities were collected once. Soils 
were obtained from the surface of ground in the grassy and bare land, and 
from the lower part of litter in the forest soil. 

In 10 ml of the distilled water, 2 g of the soil sample were suspended 
and diluted 10-, or 100-fold with it. One ml of each suspensions was scat¬ 
tered with a pipette on the agar plate. Cultures were maintained in the 
Bold’s Basal Medium (replacing double distilled water by tap water), at 18- 
25°C under a 12: 12 h light-dark cycle illuminated by daylight fluorescent 
lamps at 2000-3000 lux. Algae on the agar plate were transferred to the 
test tubes containing solid medium and sometimes liquid one, as needed. 
Isolates were observed during prolonged periods from few days to several 
months after inoculation in the fresh medium. The observation was made 
with a light microscope equipped with 10 x, 40 x and 100 x (oil-immersion) 
objectives and 15 x oculars. The drawings were made directly from living 
materials. 

Chlorella Beijerinck 1890 

In the agreement with Fott and Novakova (1969), the genus Chlorella 
is circumscribed as follows in the present study: 

Cells spherical, subspherical or ellipsoidal, covered with a smooth cell 
wall without mucilage, single or in small irregular groups. Chloroplast 
single, parietal, covering nearly the whole periphery of the cell or only part 
of it. Pyrenoid present or absent. Nucleus single in young cells; older 
cells can form multinucleate sporangia. 

Reproduction by autospores, zoospores lacking. Autospores liberated by 
rupture or by dissolution of the mother-cell wall. 

The main characters for classifying Chlorella at the rank of species and 
variety are also in agreement with Fott and Novakova. These are as fol¬ 
lows ; form of cells, fate of the mother-cell wall, chloroplast morphology, 
presence or absence of pyrenoid, number and size of autospores, mode of 
autospore release and dimension of the cells. 

Key to species and varieties of Chlorella collected in Japan 
1. Pyrenoid present..— ..... ■ 2 
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2. Young vegetative cells broadly ellipsoidal, subsphesical, or spherical 


3. Adult vegetative cells spherical or nearly spherical . 4 

4. Chloroplast in one piece and undivided... 5 

5. Chloroplast cup-shaped or girdle-shaped . C. vulgaris 

5. Chloroplast mantle-shaped.C. kessleri 

4. Chloroplast apparently occupying entire portion of cell’s periphery 

with several incisions at margin ... 6 

6. Vacuoles rare or lacking... C. fusca var. fusca 

6. Vacuoles numerous, always present. C. fusca var. vacuolata 

3. Adult vegetative cells ellipsoidal.. 7 

7. Chloroplast small, with smooth margin; pyrenoid naked; autospores 

equal in size.C. saccharophila var. saccharophila 

7. Chloroplast large, with irregular margin; pyrenoid with starch; 

autospores unequal in size.C. saccharophila var. ellipsoidea 

2. Young vegetative cells sometimes elongate-reniform, or elongate- 

ellipsoidal . C. reisiglii 

1. Pyrenoid absent . 8 

8. Young vegetative cells broadly ellipsoidal, subspherical, or spherical. . 9 

9. Chloroplast occupying almost entire portion of cell’s periphery, with 

deep, irregular clefts.C. zofingiensis 

9. Chloroplast with smooth margin. 10 

10. Chloroplast broadly band-shaped or cup-shaped, occupying up to one- 

half of cell’s periphery. C. protothecoides 

10. Chloroplast cup-shaped, girdle-shaped, or mantle-shaped, occupying 

2/3—4/5 of cell’s periphery.C. minutissima 

8. Young vegetative cells sometimes elongate-reniform or elongate- 
ellipsoidal... C. reniformis 


Chlorella vulgaris Beijerinck var. vulgaris ; Beijerinck 1890, p. 758, fig. 
7, 2; Fott et Novakova 1969, p. 21, pi. 1. a-m. (Fig. I, 1-7) 

Adult cells spherical; young cells and autospores ellipsoidal to sub- 
spherical. Adult cells 8.0 in diam. ; young cells and autospores 1.5 x 2.5 
^m in size or 3.0 gm in diam. Cell wall thin throughout culture. Chloroplast 
cup-shaped, . girdle-shaped, band-shaped, or mantle-shaped. Pyrenoid one or 
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rarely two, spherical or rather ellipsoidal, covered with apparently continuous 
or two hemispherical starch grains. Nucleus invisible without stain. Vacuoles 
and oil droplets sometimes present. 

Reproduction by 2-4 autospores. Autospores ellipsoidal, subspherical, 
equal in size in a sporangium. Mother-cell wall breaks down into 2 or 4 
fragments after liberation of autospores. 

Plant mass smooth, green in young cultures, sometimes yellow-green in 
old cultures. 

Culture No. SAK-31, KKY-5. 

Chlorella vulgaris Beijerinck var. vulgaris f. viridis (Chodat) Fott et 
Novakova 1969, pi. 2, a-h. (Fig. I, 8-20) 

Adult cells spherical; young cells and autospores ellipsoidal to subspherical. 
Adult cells 7.0 ,«m in diam., rarely large cells up to 14 gm in diam.; young 
cells and autospores 2.5 x 3.0 fim in size. Cell wall thin throughout culture. 
Chloroplast broadly band-shaped, cup-shaped, girdle-shaped, frequently shal¬ 
lowly incised at 2-4 points. Chloroplast of large cells appressed to the cell 
wall by a vacuole, sometimes divided into several portions. Pyrenoid of 
normal cells spherical, one sometimes two, covered with two hemispherical 
starch grains. Pyrenoid of large cells one to several, poorly surrounded 
with starch. Nucleus and nucleolus rarely visible without stain. Vacuoles 
observed only in large cells in young culture, and present in all individuals 
in old culture. Oil droplets present. 

Reproduction by 2-8 autospores. Autospores usually equal in size in a 
sporangium. Mother-cell wall breaking down into 2-4 fragments after liber¬ 
ation of autospores. 

Plant mass smooth, green, sometimes turning to yellow-green in old 
cultures. 

Culture No. TOT-4. 

C. vulgaris var. vulgaris f. viridis is distinguished from f. vulgaris by 
possessing large cells which are twice as large as normal ones, such as 14 
gm in diam. In these large cells a large vacuole appresses the chloroplast 
to the cell wall, and the chloroplast was sometimes observed to be divided 
into several portions in each of which a pyrenoid is embedded. Although no 
individuals intermediate between normal and large cells were present in 
actively growing culture, sizes of cells in old cultures (about 5 months) 
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continuously changed from 3 gm to 12 pm in diam. One of characters that 
separates var. autotrophica from var. vulgaris is the visibility of the nucleus 
and nucleolus without stain: The former has a visible nucleus and nucleolus, 
and those of the latter are invisible. In TOT-4 nucleus and nucleolus were 
observed on a rare occasion in the aperture of the chloroplast. This may 
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lead the identification of the isolate to the var. autotrophica, but it is identi¬ 
fied to var. vulgaris f. viridis because of the presence of large cells. Although 
mother-cell wall disintegrated usually into 4 fragments, they had a tendency 
not to separate absolutely from each other and to hold the autospores to¬ 
gether. Autospores liberated from the mother-cell walls were sometimes 
seen to be aggregated for a while. 

Chlorella kessleri Fott et Novakova 1969, p. 26, pi. 4. (Fig. II, 1-7) 

Adult cells spherical; young cells ellipsoidal, rhombic, or trigonal with 
rounded ends. Adult cells up to 8.0 ,«m in diam.; young cells, 3.0 in 
diam. in average. Cell wall thin throughout culture. Chloroplast mantle¬ 
shaped, with one or two small apertures or with deep clefts occupying 
almost entire portion of cell’s periphery. Pyrenoids one or rarely two, 
elongate-ellipsoidal, covered with two hemispherical starch grains, deposited 
in the basal part of the plastid. Nucleus and nucleolus sometimes distinctly 
visible. A few vacuoles present. Oil droplets always present. 

Reproduction by autospores. Mother-cell wall bursting crosswise incom¬ 
pletely, forming a saucer-like arrangement. 

Plant mass smooth, green, not changing in color in old cultures. 

Culture No. KKY-15. 

Chlorella fusca Shihira et Krauss var. fusca; Shihira et Krauss 1963, p. 
35, fig. 43, 44; Fott et Novakova 1969, p. 28, pi. 5. (Fig. II, 8-18) 

Adult cells ellipsoidal, sometimes subspherical to spherical in old culture ; 
young cells and autospores ellipsoidal. Ellipsoidal cells 2.0-6.Ox 3.0-8.0 gm 
in size, rarely 10xl2,«m in size; spherical cells up to 10 ^m in diam. Cell 


Fig. I. 1-7 : Chlorella vulgaris Beijerinck var. vulgaris. 

1, spherical cell with a cup-shaped chloroplast. 2, spherical cell with a girdle-shaped chlo¬ 
roplast. 3, spherical cell with a chloroplast which is deeply cloven at three points, and which 
possesses 2 pyrenoids. 4, young ellipsoidal cell with a band-shaped chloroplast. 5, young 
spherical cell with a broadly band-shaped chloroplast. 6, just liberated autospores. 7, empty 
mother-cell wall. 

8-20 : Chlorella vulgaris Beijerinck var. vulgaris f. viridis (Chodat) Fott et Novakova. 

8, spherical cell with a broadly band-shaped chloroplast. 9, spherical cell with a mantle¬ 
shaped chloroplast incised at 2 points; nucleus and nucleolus visible. 10, spherical cell with 
a cup-shaped chloroplast; nucleus and nucleolus visible without stain. 11, spherical cell with 
a mantle-shaped chloroplast which is cloven at three points, and which possesses 2 pyrenoids; 
nucleus and nucleolus visible. 12, large cell with a saucer-shaped chloroplast appressed to 
the cell wall by a large vacuole. 13, large cell with segmented chloroplasts which have a 
pyrenoid. 14-16, young cells with an observable pyrenoid. 17 and 18, young cells without 
visible pyrenoid. 19, aggregation of just liberated autospores. 20, empty mother-cell wall 
left in 2-4 fragments; 
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Reproduction by 2-8 autospores. Autospores equal in size in a sporangi¬ 
um. Fragment of mother-cell wall pouch-like. 

Plant mass smooth, green, turning to reddish brown in old cultures. 

Culture No. OOD-12, SAK-5, TOT-58, YAW-57, YAW-101. 

When the margin of the chloroplast in OOD-12 was very deeply cloven, 
it appeared as if the plastid were segmented into several discoid portions 
and as if the pyrenoid were floating in the cell lumen rather than deposited 
in the chloroplast. This state of the chloroplast and the pyrenoid bears a 
striking resemblance to that of Muriellopsis pyrenigera Reisigl (1964). The 
genus Muriellopsis is distinguished by the presence of the pyrenoid from 
the genus Muriella (Petersen 1932) which has several discoid chloroplasts. 
Reisigl described the pyrenoid of M. pyrenigera as embedded in the chloro¬ 
plast or outside of it. This curious feature of pyrenoid may arouse the 
following considerations: The pyrenoid is covered with the very thin layer 
of the chloroplast which might be overlooked by light microscopy, or M. 
pyrenigera was a species described by Reisigl who might observed C. fusca 
var. fusca whose chloroplast was so deeply cloven that it appeared to be 
segmented into discoid portions. 

I have another question regarding whether Pseudochlorococcum poly- 
morphum Archibald (1970) coincides with Chlorella fusca var. fusca. The 
comparison of my living isolates which were identified to var. fusca ac¬ 
cording to the illustrations drawn by Fott and Novakova, with P. poly- 
morphum, which was sent from Indiana University’s Culture Collection, did 
not provide efficient differences to separate the taxa. Although in P. poly- 
morphum occur some cells whose shape varies strikingly, most individuals 
are similar to characteristics of var. fusca in shape and size of cells and 


Fig. II. 1-7 : Chlorella kessleri Fott et Novakova. 

1, spherical cell with a mantle-shaped chloroplast, with a small opening; nucleus and nucleolus 
visible. 2, surface view of cell; chloroplast with a deep cleft. 3, spherical cell with a mantle¬ 
shaped chloroplast, and with 2 shallow incisions. 4, spherical cell with a few vacuoles. 5, 
spherical cell with two pyrenoids. 6, just liberated autospores with rather angular shape. 

7, empty mother-cell wall. 

8-18 : Chlorella fusca Shihira et Krauss var. fusca. 

8, 10 and 12, ellipsoidal cell with a parietal chloroplast. 9 and 11, ellipsoidal cell with an 
obscurely observable nucleus. 13, ellipsoidal cell with a pyrenoid which is covered with 2 
thickened starch grains. 14 and 15, cells in old culture with segmented chloroplasts. 16, 
spherical cell in old culture with a pyrenoid which is covered with 3 thickened starch grains; 
nucleus and nucleolus visible. 17, autospores in a sporangium. 18, empty mother-cell wall. 
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in the morphology of the chloroplast with a pyrenoid. Unfortunately I 
could not examine the living strain of var. fusca identified by the original 
author; however, variations in shape of cells of P. polymorphum seem to be 
included in those of var. fusca. (To be continued) 
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